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$9^{l(n,C)}$ . $(n-1)$ $0$
$sl(n, C)$ , Drinfel’d Sokolov
$KdV$ , Poisson $A_{n}^{(1)}$ affine Lie
Poisson Reduction (Hamiltonian Reduction)
.
, $MKdV$ Miura $KdV$
Poisson . , $KdV$ Poisson $MKdV$
$Po1_{SSO11}$ .
1S.L.Luk ‘yanov, V.A.Fateev; Coformally invariant models of two-dimensional quantum





, , $n$ Virasoro Lie
2.






Boson 3. $a_{i}(s),$ $i=1$ , . . . , $n,$ $s\in$
$Z$
$[a_{i}(u), a_{j}(s)]=hs\delta_{ij}\delta_{s+u,0}$ , $h$ Planck
Heisenberg $\gamma_{n}$ . Heisenberg
$a_{p}(s),$ $s<0$ $a_{k}(\tau\iota),$ $c\iota>0$
. $A^{-},$ $A^{+}$ $a_{p}(s),$ $s<0$ $a_{k}(u),$ $u>0$
, $\gamma_{n}$ $F$ $\gamma_{n}$. $\overline{F}$
$a_{k}(u)|0>=0$ , $u>0$ , $<0|a_{p}(s)=0$ , $s<0$
.
$2W_{n}$ Lie 2 .
3 , ) ;Intoroducton to Conformal Field Tlte-
ory, , ) ; (
) .
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2.1 $Hei_{SenUe\gamma^{\backslash }}g$ $\gamma_{n}$ $F$ $\overline{F}$ dual pairn$g$
$<$ $|$ $>$ : $|u>\in F,$ $<v|\in\overline{F}$ ,
$<0|0>=1$ , $<va_{i}(s)|u>=<v|a_{i}(s)u>$
.
$<v|a_{i}(s)|u>$ , $<v|\in\overline{F}$ , $|u>\in F$
. , n- current $I(z)=(I_{1}(z), . . . , I_{n}(z))$ , $z\in c*=C-\{0\}$
$I_{i}(z)= \sum_{s\in Z}a_{i}(s)z^{-s-1}$
. , Heisenberg current $I_{i}(z)$
$I_{i}(z)I_{j}( \xi)\sim\frac{h}{(z-\xi)^{2}}\delta_{i,j}$











1) $I_{i}(z)I_{j}( \xi)=\frac{h}{(z-\xi)^{2}}+:I_{i}(z)I_{j}(\xi)$ :
2) $I_{i}^{2}(z)I_{j}( \xi)=\frac{2h}{(z-\xi)^{2}}I_{i}(z)+:I_{i}^{2}(z)I_{j}(\xi)$ :
3) $I_{i}^{2}(z)I_{j}^{2}( \xi)=\frac{2h^{2}}{(z-\xi)^{4}}$ : $+ \frac{4h}{(z-\xi)^{2}}$ : $I;(z)I_{j}(\xi)$ : $+:I_{i}^{2}(z)I_{j}^{2}(\xi)$ :
.
2.1 $(O_{1}(z), O_{2}(\xi))$ $(O_{2}(\xi), O_{1}(z))$ $|z-|>|\xi|>0,$ $|\xi|>|z|>0$
$(C^{*})^{2}-\triangle$ J
$O_{1}(z)O_{2}(\xi)=O_{2}(\xi)O_{1}(z)$ , $(z, \xi)\in(C^{*})^{2}-\triangle$
) Bosonic .
2.2 $A(z),$ $B(z)$ Bosonic operators .














, $A(z),$ $B(z)$ Bosonic ,












$KdV$ Miura . $KdV$
$u_{t}=u_{xxx}+6uu_{x}$
Hamilton
$u_{t}=( \frac{1}{2}\partial^{3}+u\partial+\partial u)\frac{\delta H_{2}}{\delta u}$ $H_{2}=u^{2}$
. , Poisson
$\{f, g\}=\frac{\delta f}{\delta u}(\frac{1}{2}\partial^{3}+u\partial+\partial u)\frac{\delta g}{\delta u}$
. , $MKdV$
$v_{t}=v_{xxx}-6v^{2}v_{x}$
$v_{t}=(- \frac{1}{2}\partial)\frac{\delta H}{\delta v}$ $H=(v_{x}-v^{2})^{2}$
Poisson
$\{f, g\}=\frac{\delta_{jC}}{\delta u}(-\frac{1}{2}\partial)\frac{\delta f}{\delta u}$
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. , $f$ $g$ $S^{1}$ $C^{\infty}(S^{1}, C)$ Hamil-
ton
$\{f, g\}=-\frac{1}{2}\int_{S^{1}}\frac{\delta f}{\delta v}(x)\partial\frac{\delta g}{\delta v}(x)dx$
$C^{\infty}(S^{1}, C)$
$e^{\sqrt{-1}nx}$ , $n\in N$
$\{e^{\sqrt{-1}\mathfrak{m}x}, e^{\sqrt{-1}nx}\}=\int_{S^{1}}e^{\sqrt{-1}mx}(-\frac{1}{2}\partial)e^{\sqrt{-1}nx}dx=\frac{m}{2}\delta_{m+n,0}$
Heisenberg .
Miura $u=v_{x}-v^{2}$ , $MKdV$ $v$ $KdV$ $u$ ,
$I\langle dV$ Hamilton $MKdV$ $HaInilt\circ n$ Miura






. Drinfel’d Sokolov6 Lie $sl(n, C)$
Lie $SL(\uparrow x, C)$ gauge , Mlura
.
5B.A.KupershiInidt and G.Wilson; Modifying Lax eqiations and tlle second IIanliltonian
structure, Invent. Math. 62, $403- 436(1981)$
6Lie algebras and equations of Korteweg-de Vries type, J Sov. Math.30, $1975- 2036(1984)$
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$W_{1}(z)=I_{1}+I_{2}$ , $W_{2}(z)=:I_{1}I_{2}$ : $+\partial_{z}I_{2}$
. $W_{i}(z)$ , $i=1,2,$ $\ldots,$ $n$ 8.
$gl(n, C)$ . $W_{n}$ $sl(7\sim, C)$
, $0$ 9 .
current . ( $n$ –l)-component
field $I^{*}(z)=(I_{1^{*}}(z), I_{2}^{*}(z)$ , . . . , $I_{n^{*}-1}(z))$
$I_{i^{*}}(z)I_{j^{*}}( \xi)\sim\frac{h}{(z-\xi)^{2}}\delta_{i,j}$
. , $\{h_{k}\}_{k=1}^{n}$ , $h_{k}\in R^{n-1}$ 1
$h_{i}h_{j}= \delta_{ij}-\frac{1}{n}$ $\sum_{i=1}^{n}h_{i}=0$




$I_{i}(z)I_{j}( \xi)\sim\frac{h}{(z-\xi)^{2}}(\delta_{ij}\cdot-\frac{1}{n})$ , $\sum_{i=1}^{n}I_{i}(z)=0$
7S.L.Luk‘yanov; Quantization of the Gel’fand-Dikki brackets, Func. Anal. Appl. 22,
$255- 262(1989)$





. Miura $W_{k}$ , $k=1,2,$ $\ldots,$ $n$ .
$W_{1}= \sum_{\mathfrak{i}=1}^{n}I_{i}(z)=0$ . $W_{2}(z)$









$W_{2}(z)W_{2}(\xi)$ $=$ $\sum^{n}\frac{1}{4}$ : $I_{i^{*}}(z)^{2}$ :: $I_{j}^{*}(z)$ :
$i,\gamma=1$
$+- \sum_{i=1}^{n}\frac{1}{2}$ : $I_{i^{*}}(z)^{2}$ : $p \partial_{\xi}I^{*}(\xi)+\sum_{i=1}^{n}\frac{1}{2}$ : $\rho\partial_{z}I^{*}(z)$ : $I_{i^{*}}(\xi)^{2}$ :
$+p\partial_{z}I_{1}^{*}(z)p\partial_{\xi}I_{1}^{*}(\xi)$
: $I_{i^{*}}(z)^{2}$ : $I \oint(\xi)^{2}$ :
$\sim\frac{2h^{2}}{(z-\xi)^{4}}\delta_{i,j}+\frac{4h}{(z-\xi)^{2}}$ : $\delta_{i,j}I_{i}^{*}(\xi)I_{j^{*}}(\xi)$ : $+ \frac{4h}{z-\xi}\delta_{i,j}$ : $\partial_{\xi}I_{i}^{*}(\xi)I_{j}^{*}(\xi)$ :
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,
$\sum_{i=1}^{n}$ : $I_{i^{*}}(z)^{2}$ : $\rho\partial_{\xi}I^{*}(\xi)\sim\frac{4h}{(z-\xi)^{3}}pI^{*}(\xi)+\frac{4h}{(z-\xi)^{2}}\rho\partial_{\xi}I^{*}(\xi)+\frac{2h}{z-\xi}\partial_{\xi^{2}}I_{1^{*}}(\xi)$










Virasoro $W_{n}$ subalgebra .
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3.1 Fock
$a;(0)|0>=\mu_{i}$ , $i=1,$ $\ldots,$ $n-1$




$\hat{L}_{i}^{d}=^{ef}hL_{i}$ , $[ \hat{L}_{i},\hat{L}_{j}]^{d}=^{ef}\lim_{harrow 0}[hL_{i}hL_{j}]/h$
. centrral charge $c=n-n^{3}$ virasoro
. Khovanova $Vi_{1}\cdot$.asoro Gel’fand-Dikii $\backslash$
12.
4 $W_{n}$
A.Bilal, V.V.Fock, I.I.Kogan $W_{n}$
. $SL(n, C)$ Chern-
Simons Poisson parabolic subgroup Hamil-
tonian Reduction $W_{n}$ . \langle [On the origin of
W-algebras, Nuclear Physics B359,635-672 $(1991)\rfloor$ .
12Gel‘fand-Dikii Lie algebras and the Virasoro algebra, Func. Anal. Appl. 20, S9-90(1986)
